Background: The impact of the European Working Time Directive and subsequent collective wage agreements for doctors from 2006 onwards were substantial. So far, no systematic evaluation of their application in Germany has been performed. We evaluated the impact four years after implementation of new shift models in a University Hospital for Gynaecology and Obstetrics (UHGO). Methods: A new shift model was created together with doctors of Tübingen UHOG in 2007 and implemented in 2008. Documentation of working hours has hence been done electronically. Adherence to the average weekly working time limit (AWTL) and the maximum of 10 h daily working time (10 h-dwt) was evaluated, as well as staffing costs in relation to case-weight points gathered within the German DRG (diagnosis related groups) System. Results: Staff increased from a mean of 44.7 full time equivalent (FTE) doctors in 2007 to 52. 5 FTE in 2009, 50 .8 in 2010, and 54.5 in 2011. There was no statistically significant difference of the monthly staff expenditures per case-weight between the years 2009 or 2010 vs. 2007. 2011, however, was significantly more expensive than 2007 (p = 0.02). The internal control group (five other departments of the university hospital) did not show an increase during the same period. AWTL were respected by 90, 96, and 98 % in 2009, 2010, and 2011, respectively. Of all shifts 10 h-dwt was exceeded by 7.4 % in 2009, 1.3 % in 2010, and 2.6 % in 2011, with significant differences between 2009 and both, 2010 and 2011 (p < 0.001), and between 2010 and 2011 (p = 0.02). Discussion: AWTL and 10 h-dwt could be continuously respected quite well after implementation of the new shift model without increasing the Working times for doctors at hospitals are an ongoing topic of debate. In Germany, weekly working hours of more than 50-60 h were reported [1, 2] , whereas in the US weekly working hours were restricted to 80 h for residents [3, 4] . The trend towards more female doctors and a general change in the attitude of younger doctors concerning their work-life-balance [5, 6] challenges the working patterns in hospitals. University hospitals are especially concerned as they have to balance the three aspects of patient care, research, and teaching. In the field of Gynaecology and Obstetrics significantly longer daily working times at German university hospitals as compared to other hospitals were observed [7] , reaching an average of 10 h/day. The strike for better working conditions of German doctors working at university hospitals in spring 2006 led to a new collective wage agreement (TV-Ä university hospitals) becoming effective on November 1st, 2006. Similar wage agreements were found for other hospitals in Germany, too. Two months later, the regulations of the European Working Time Directive (EWTD) [8] became mandatory in Germany. Together, both conditions had the following impact on working time for hospital doctors at university hospitals: 1) weekly working time of 42 hours for a full time employee, 2) average weekly working time limit (AWTL) between 42 and 48 hours, 3) individual agreement to increase AWTL up to 54 hours under certain conditions (so called optout), 4) maximum daily working time of 10 hours (10 h-dwt), and 5) extension of this limit up to 12 hours under certain conditions. The Executive Board of the University Hospital Tübingen therefore decided to design new shift models for doctors with the aim to achieve both, compliance to the EWTD and stability of labour costs. In this report we will answer the question if these two targets could be reached on a medium term perspective.
Methods

!
In collaboration with the head of the University Hospital for Gynaecology and Obstetrics (UHGO) as well as the responsible senior and junior doctors for staffing and shift planning, a project team considered carefully possible weaknesses of the pre-existing shift model in 2007. This was also done in the university hospitals for General, Visceral, and Transplantation Surgery, Neurosurgery and Anaesthesiology. All four were considered as pilot departments before other departments became involved. A detailed description of the methodology used can be found elsewhere [9] .
The pre-existing model was characterized by a single shift for all doctors lasting from 7:30 to 16:45 h during the week (ending 15:00 h on Fridays) followed by three on-call shifts (one senior and two junior doctors). On weekends the 24 h on-call shifts had full shift segments between 8:00-10:00 h for ward rounds. The delivery rooms were covered with three shifts consecutively throughout the week. The UHGO has its proper building with 107 beds, 6 operating theatres (4 for inpatients, one for outpatients, and one for obstetrics), 6 delivery rooms, and an elaborated structure of outpatient clinics. Per year, approximately 8300 inpatients and 19 500 outpatients are being treated, 2800 babies delivered, and the specialisation in gynaeco-oncology results in 700 primary mamma carcinomas treated. The designed shift model is therefore rather complex and the result is shown in l " Fig. 1 . The main changes were as follows:
hour shifts
The pre-existing three shift model for the delivery rooms was changed to a two shift model on weekends and holidays with a shift length of 12 h 30 min. including breaks. This allowed a reduction of the frequency of weekend shifts as foreseen in § 7 section 3 TV-Ä university hospitals. In some very specialised outpatient clinics and on one gynaecology ward long shifts lasting 11 h 30 min and 12 h 0 min, respectively, were introduced, too.
Late shift
For the gynaecology wards a late shift (12:30-21:00 h) was established that was run by one senior and two junior doctors to allow a prolonged operating theatre time until 20:30 h. This prolongation of the operating theatre hours was an adaptation to the pre-existing reality. Due to the high demand for complex operations there was a regular excess of the former operating theatre hours up to 3-4 hours, leading to violations of the former working times.
Adapted shift lengths
For the wards and the outpatient clinics adapted shift lengths between 8.4 h and 10 h plus breaks were introduced. On weekends a full shift from 9:30-18:00 h was established to cover the time with the heaviest workload, followed by an on-call shift both of which were run by one senior and one junior doctor. Based on these modifications all doctors could be asked whether they wanted to work more than 48 hours/week (so called optout). The survey was done after introduction of the new shift model. The number of doctors needed to run the new shift model was calculated a priori with a supposed average of 50 h/week per doctor. Due to the prolonged operating theatre hours and the new operating theatre for outpatients it was assumed that more cost/earnings ratio for the first two years. However, in 2011 the ratio increased significantly (p = 0.02). 98 % eingehalten. Die Überschreitungen der 10 h-TAZ bezogen auf alle vergebenen Schichten betrugen 7,4% in 2009, 1,3 % in 2010 und 2,6 % in 2011, wobei sich die Werte zwischen 2009 und sowohl 2010 als auch 2011 signifikant unterschieden (p < 0,001), sowie zwischen 2010 und 2011 (p = 0,02). Diskussion: Die Einhaltung der dWAZ und der 10 h-TAZ konnte durchgehend sehr gut mit dem neuen Dienstmodell gewährleistet werden, ohne dass sich das Verhältnis von Personalkosten zu Relativgewichtspunkten in den ersten beiden Jahren nach Umstellung im Vergleich zu 2007 veränderte. Lediglich 2011 stieg dieser Quotient signifikant an (p = 0,02). 
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Opt-out
In 2009 75% (30/40) of doctors voted for opt-out, 74% (39/53) did so in 2010, and 61 % (30/49) voted for opt-out in 2011.
AWTL
In 2009 36 out of 40 doctors (90 %) were able to respect their AWTL rising to 51/53 (96 %) in 2010, and 48/49 (98 %) in 2011, as shown in l " Fig. 2 . The proportions of shifts that surpassed the 10 h-threshold in relation to all shifts with a maximum length of ten hours were 7.4 % (524 out of 7112) in 2009, 1.2 % (103 out of 8241) in 2010, and 2.6 % (238 out of 9092) in 2011 (l " Fig. 3) , with significant differences between 2009 and 2010 as well as 2009 and 2011 (p < 0.001, Tukey-Kramer), and between 2010 and 2011 (p = 0.02, Tukey-Kramer post-hoc test).
Staff expenditures
As shown in l " Fig. 4 [10] indicating that the strategy of adapting the new shift models to the needs of operating hours for patient care and thus allowing a higher turnover was successful.
In the UHGO, only the year 2011 was strikingly more expensive than the previous period probably because the average number of doctors in 2011 (54.5 FTE) was highest of all post-implementation years and, on the contrary, the year-to-year increase in caseweight points per month was only moderate (2.0380). The estimated 53.1 FTE required to run the new shift model seemed to be rather well confirmed by the evaluation. Interestingly, the number of opt-out votes declined between 2009 and 2011 from 75 to 61 %, a phenomenon that could also be observed in the Department of Anaesthesiology of the University Hospital Tübingen [11] . An explanation might be the increasing wish to limit weekly working hours to a subjectively acceptable level. When looking at the rising proportion of doctors working in part time (17% in 2009 to 25% in 2011) this becomes very obvious as eleven out of 19 of the non opt-out voters were working in part time in 2011 (l " Fig. 2 ). However, so far no investigation of doctorsʼ motivation to opt-out has been performed in Germany. In the context of decreasing opt-out votes and rising proportions of doctors working in a part-time scheme it is remarkable that the compliance to the regulations of the ETWD has again been increased in the UHGO of Tübingen. However, both effects may have also influenced the relatively pronounced increase in staff costs per case-weight point in 2011 because more doctors (persons) were employed thus rising staffing costs disproportionately. As shown elsewhere shift models with more than only one single shift seemed to be more effective in preventing violations of the 10 h-dwt [9] which has now been demonstrated over a threeyear post-implementation period. However, there are several study limitations. Firstly, in this exploratory study no gynaecology and obstetric internal control group was available. The pool of five other independent Departments (Ear-, Nose-, and Throat-, Dermatology, Radiooncology, Neurology and Ophthalmology) with so far no alteration of shift models should nevertheless serve as a reasonable control group. Secondly, this is only a single site observation and one might speculate whether the results are reproducible in external UHGO departments. Thirdly, we can only present cost and revenue data on a before and after basis. The former paper-based documentation of individual working times in the pre-implementation period made it impossible to report on AWTD and 10 h-dwt by 2007. Fourthly, there were several highly experienced senior gynaecologists who were employed with so called off-tariff contracts. In Germany, the EWTD applies in general for all doctors that are employed by a hospital and not only for those in post-graduate training. It is sometimes difficult for highly specialised senior doctors to comply with the working time regulations, especially in a university hospital setting where working tasks cover patient care, research, and studentsʼ education. We can thus only speculate how their AWTL and 10 h-dwt were respected. In fact, we are now able to present robust administrative data that are neither based on surveys nor on subjective descriptions allowing us to improve and adapt the shift model to changing needs of both, doctors and hospital alike. The methodology presented here can serve as a basis for interventional studies in other hospitals. The concern of decreasing caseloads and therefore less training of residents in Gynaecology and Obstetrics due to EWTD regulations was expressed several times. Comparing the caseloads before and after implementation of the 80 h-workweek, Short et al. found no differences for gynaecological cases, yet obstetric cases in residentsʼ training declined after implementation [12] . Smith found no negative effects on resident technical expertise [13] . We did so far not analyse possible changes in caseload for residents in Tübingen or control for prolongation of residency programmes but this is impending. At present, we have no hint that the new shift model had a negative impact on these issues in our institution. We hope that this report adds some more objective information to the discussion whether and how the EWTD regulations do affect clinicians and hospitals alike.
Practical implications
! " Adherence to the EWTD and the regulations of the collective wage agreement for doctors working at German university hospitals can be achieved by carefully adapting new shift models to the needs of both, patient care and doctors working at an UHGO. " The necessary increase in doctors and thus staffing costs can be balanced by an increased patient turnover resulting in more revenues. That way, the proportion of staff costs per caseweight point in the German DRG-system remains stable.
